Summary
Histological features of the tooth plate in Holocephalans have been described by BARGMANN (1933 BARGMANN ( , 1937 , BRETTNACHER (1939) , PEYER (1968) and ORVIG (1980) . All of them observed the hypermineralized tissues within the tooth plate in Holocephalans. These tissues were called "Kosmin" by BARGMANN (1933 ), then "pleromin" by ORVIG (1980 . The previous scientists studied the tooth plate only by light microscopy, so they could not obtain detailed data on pleromin. In this study, histological and mineralogical examinations of the tooth plate with special reference to pleromin were carried out by polarizing microscopy, microradiography, X-ray diffractometry, electron microprobe analysis, scanning electron microscopy, transmission electron microscopy and analytical electron microscopy.
MATERIALS AND METHODS
Five adult fish, Chimaera phantasma, of both sexes (total length: 0.8-1.0 m), caught off the coast of Shimoda City, Shizuoka Prefecture were used in this study. The tooth plates were immediately removed from the fish and fixed in 10°o neutral formalin for 48 hrs. After dehydration by ethanols and embedding in polyester resin (Rigolac, Oken Co., Inc.), serially sagittal sections were cut by saw microtome (Leitz-1600) at about 80 ~m in thickness.
The sections were examined by polarizing microscope and microradiography (Sofron SRO-M50).
Other specimens were prepared for scanning electron microscopy by fracturing in various directions and etching the fragments for 5-30 sec with 0.025 N HCL The fragments were critically point-dried and examined in a scanning electron microscope (Hitachi S-500) after mounting and gold coating.
The crystals constituting pleromin were examined mineralogically as follows; 1) optical property: refractory indices were measured by the immersion method from powdered specimens of pleromin with treatment of 80% ethylene diamine (70°C, 30 hrs), and without treatment.
2) X-ray diffractometry: the X-ray powder diffraction patterns were obtained by means of a Rigaku Geiger Flex with Cu Ka (Ni-filter) radiation, 1°-1°-0.3 mm slit system and scanning speed 2° 20 per min. 3) Lattice constants: Lattice constants of the specimens were calculated by least-square method using an ACOS 900 computer at Niigata University.
4) Transmission and analytical electron microscopy: powdered specimens were placed on carbon coated microgrids and observed by a Hitachi H-500 electron microscope with an energy dispersive solid state detector operating at 100 kV. The composition of the specimens was analyzed qualitatively. 5) Electron microprobe analysis: grains of specimens were preliminarily examined by a JXA 5A electron probe X-ray microanalyzer (EPMA).
RESULTS AND DISCUSSION
There are two pairs of tooth plates, small anterior and large posterior, in the upper jaw, but only a single pair of large tooth plates in the lower jaws in Chimaera phantasms. The flat shape of tooth plates and their sharp anterior margins indicate that these plates are typically crushing types.
Commonly, Chimaera is included in Bradyodonti; it has been believed that their tooth plates were replaced exceedingly slowly. In the dentition of Chimaera phantasma, however, germs of the tooth plate have not been observed in the oral mucosa around the functional tooth plates.
There are unspecialized mesenchymal tissues at their posterior ends. This observation indicates that there is no replacement of the tooth hypermineralized hard tissue, coats part of the inner surface of the tooth plate and forms many rows of particles from the posterior to anterior margin in the outer region of the tooth plate (Fig. 1) . The degree of mineralization of pleromin is as enameloid as that of Chondrichthyes and Osteichthyes.
However, a notable difference between pleromin and enameloid lies in the process of formation. The formation of pleromin, takes place without any participation of epithelial cells. Such a fact was also indicated by ORVIG (1980) in fossil species of Ctenurella.
Therefore, pleromin is regarded as derived only from mesenchymal cells.
Pleromin shows weak birefringence at any orientation in polarized light (Fig. 2) . Such optical features of pleromin indicate that the crystals and matrix fibers constituting pleromin are variously arranged.
Scanning electron micrographs show that pleromin is composed of reticular matrix fibers and dense component crystals (Fig. 3) . The crystals are large-sized, granular and distinguishable from hydroxyapatite by shape. They are soluble in weak acid (0.025 N HC1).
Under the microscope, powdered specimens of pleromin occur as aggregates of many mineral grains and organic matrix.
After treatment with ethylene diamine, refractive indices of the aggregates was measured (n=1.583-1.584). However, the aggregates without treatmet showed apparently low refractive indices (n =1.555-1.556). On the other hand, the refractive indices of pure p-Ca3(PO4)2 (whitlockite) has been known as w=1.629 and s=1.626. This fact suggests that low refractive indices of the aggregates without treatment are under the influence of organic matrix.
Further studies, however, are necessary to measure the refractive indices of pure mineral grains.
X-ray powder diffraction data are given in Table 1 in which those of Q-Ca3(PO4)2 cwhitlockit& are shown for comparison.
The d-spacing and intensities of the specimen agree closely with those of ,9-Ca3(PO4)2 (whitlockite) (JCPDS Card No. 9-169) rather than those of whitlockite (GOPAL and CALVO, 1972) . Since it was first identified by FRONDEL (1941) , whitlockite has been reported in biological systems such as dental calculi and other abnormal calcifications.
However, the names whitlockite and 9-Ca3 (P04)2, have been used interchangeably and synonymously, and the usages of these mineral names still confused. Therefore, it is concluded that the crystals constituting pleromin are Q-Ca3 (P04)2 (whitlockite), according to JCPDS Card No. 9-169. The unit-cell parameters for the specimen refined by the indexed powder pattern are a 10.371 A, c37.246 A. The obtained values are smaller than those of j3-Ca3(P04)2i but may contain a small amount of Mg or other small ions.
Electron microprobe analysis showed that pleromin of Chimaera contains a small amount of Mg I. The result of analytical electron microscopy shows that the specimen is mainly composed of Ca and P. The peak intensity ratio of Ca/P ranged from 0.5 to 0.6. A high Mg peak was not detected but an upheaval of the base line in the range containing Mg peak position (V) also suggests the presence of a small amount of Mg in the mineral grain (Fig. 4) . It is therefore supposed that these crystals contain a small amount of Mg ions. More detailed and precise examinations are necessary in order to characterize it mineralogical I y. Magnesian whitlockite is a major constituent of dental calculus (JENSEN and RowLES, 1957) . The present examinations, however, revealed that j -Ca3(P04)2 (whitlockite) is an essential element in normal dental tissues. The first finding as far as we are aware. Futher studies are necessary to estimate in detail the process of mineralization in pleromin.
